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Abstract 

We examine our previous conjecture that the r]' intermediate resonance has 
the dominant role in the long distance contributions to B decay into two 
photons and a strange final state hadron. We calculate the branching ratio of 
the exclusive B Kij' — > K'yy decay using the nonspectator mechanism for 
r]' production in charmless hadronic B decays. It is shown that the obtained 
branching ratio B^'^ \B — > K^^) ~ 8.7 x 10"'' is more than twice as large as 
the Tjc contribution to this decay mode. 
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The need to understand and isolate the long distance (LD) background to rare B decays 
is of utmost importance. Some rare decay modes are actually dominated by LD contributions 
and therefore, to search for such short distance (SD) effects like "new physics", one needs 
to find observables and regions of various decay distributions where the LD interference is 
minimal. 

In this paper, we examine the contribution of the rj' meson to the LD background in the 
exclusive B K'-yy decay. In fact, in a previous work on the intermediate pseudoscalar 
resonance contributions to inclusive B Xs77 decay mode, we had conjectured that rj' 
might have a more significant role in generating LD background than rj^. This was due 
to the observation of the CLEO Collaboration of an unexpectedly large branching ratio for 
the inclusive B Xgf]' and its exclusive counterpart B Ki]' 0-^. A rough estimate of 
the ratios of the branching fractions shows that 

BW)(B ^ X,77) B{B ^ XsV')Bi7]' ^ 77) 



and 



Biv.)(B ^ X,77) BiB ^ X,r7,)5(r/, ^ 77) 
B^'^'^B ^ K-f-f) B{B ^ Ki)B{i -i-i) 
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B('i-){B ^ Kj-f) B{B ^ Kr]c)B{r]c ^ -f-f) 
where B{B X^r^c) ^ 8.7 x lO^^ and B{B Kr]^) ^ LI x lO^^ has been used [§,§. In 
order to actually calculate the left-hand-side of the Eqs. (1) and (2), one needs to have a 
model for the fast rj' production in charmless nonleptonic B decays which can produce the 
CLEO experimental data. Various mechanisms for this process and related issues have been 
discussed in the literature f^HHI • proposed nonspectator gluon fusion model in Ref . , 



which is closely related to the gluon fragmentation mechanism of Atwood and Soni 0, has 
the advantage of fomulating both inclusive and exclusive B decays to 77' and the final state 
hadron containing a strange quark in the same context. Here, we use this mechanism to 
calculate the LD contribution of the intermediate rj' resonance to the exclusive B K'yy 
decay mode and compare it to the background generated by rjc, i.e. B^'^''\B K'yy). 

Using the dominant chromo-electric component of the OCQ penguin diagram, we obtain 



the following nonspectator effective Hamiltonian |qjl4 



where 

C = ^^VME{x,) - E{x^)] , (4) 

and p and q are the momenta of the two gluons which combine to produce the t]' meson. 
The coefficient function E is defined as 

E(xi) = — Lnxi + — —Lnxi + — ^ , (5) 

^ ^ 3 * 6(1 -X,)' 12(1 -X,? 



where Xi = mf/m^ with irii being the internal quark mass |]T5[. H is the form factor 
parametrizing the g — g — 1]' vertex 

A'-'igg - v') = iH(q\p\ml,)5'''e^''^^q^pp . (6) 

Using the decay mode — > ?7'7, if(0,0,m^,) is estimated to be approximately 1.8 GeV~^ 
1]^. A re- arrangement of Eq. (1) via Fierz transformation and using the definition of the 
decay constants for the B and K mesons in the context of factorization, we can express the 
matrix element for B —>■ Krj' decay as the following: 



< 7] K\Heff\B >= -I — (pb-QPk-P - PB-PPK-q) ■ (7) 



Inserting ^ ~^qcd ~ —0.3^ GeV^, po = 0.3 GeV (po is the energy transfer by the gluon 
emitted from the light quark in the B meson rest frame), Jb = 0.2 GeV and = 0.2 in the 
decay rate derived from Eq. (7) results in the following exclusive branching ratio: 

B{B Ki) = 7.1 X 10^^ , (8) 

which is in good agreement with the experimental data [0,0. The matrix element in Eq. (7) 
along with the transition amplitude for rj' —>■ 77, which can be written in the form 

Aiv' - 77) = Ne>'-"'^eMe,{p2)pie.P20 , (9) 
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where = iS^JnT^rj' — > 77)/"^^/^ and, e(pi) and 6(^2) are the polarizations of the two 
final state photons with momenta pi and p2, respectively, lead to the amplitude for the 
intermediate t]' resonance contribution to the exclusive B K'-ff decay 

A^'''\B ^ 7^77) = -i '^^^J^^^^ (PB-qPK-P - PB-PPK-q) 
^ Ne^^^^PeM^AP2)piaP2p 

[Pi +P2) -m^, + inirf'Tr,' 



r^/ ^ 0.2 MeV is the total width of the r]' meson [|1^]. As a result, the differential decay 
rate can be obtained in a straightforward manner: 



dT(^'){B ^ K^^) r [7i ^ ^7^ 7 ^ ; • 

ds = k 5T2^V(("^i^-"^^) -s){{rns^mK) -s)sm9d9 



B 

2 u2 4:2 4:2 /\r2 

3po(s(mB + Ek) - (m| - m\){mB - Ek))" 



12^7r^m%{p'^) 



+ (m^ - rrij^ + s) \pk\ (Pq - p 



2/ 2 ''^T ^ 
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xyiimB-rriK) -s){{mB + mK) - s) , (11) 

where the parameter 6 in the first line is the angle of the K meson and Ek and pk are its 
energy and momentum in the rest frame of the decaying B particle, s = {pi +^2)^ is the 
invariant mass of the two photons. Using the same parameter values which resulted in the 
decay rate in Eq. (8), we observe that the peak at s = m^/ leads to a large LD contribution 
to the exclusive decay mode 

B^'i'Xb K-i-i) ^ 8.7 X 10"^ . (12) 

To compare the above result with the LD effect of the intermediate rjc resonance, we calculate 
B^^^^B K'j'j) derived from the following amplitude 

{P1+P2) -mfi^+imr,T^^ 

where 

c = (c^2(^) + ^Ci(/z)) , 

_ 8v^7rr(r^, -> 77) 



and with the Wilson coefficients Ci and C2 evaluated at the scale ~ rrib. Fq is the form 
factor parametrizing B ^ K hadronic matrix element and /^^ is the decay constant of 7]^ 
pseudoscalar meson. Consequently, the differential decay rate for r]c mediated B — > 7^77 
can be written as 



(14) 



ds 1024m| ^s-mlf + mlTl 

We have neglected the suppression form factor for rjc 77 transition when rjc is far off 
its mass-shell mainly because the total decay rate is not affected significantly Using a 



monopole form for the form factor with -Fo(O) = 0.38 obtained in the BSW model |T6|, and 



Ci + I/3C2 = 0.155, which is adopted from a next-to-leading order calculation |jT^, along 
with /^^ 0.48 GeV result in our estimate of the branching fraction via 7]^. 

B^'^'\B K-f-f) ^ 3.3 X 10"^ . (15) 

A comparison between Eqs. (12) and (15) reveals that the LD contribution via rj' is more 
than twice as large as the one mediated by rjc- The total background due to these resonances 
is basically the sum of the two contributions, i.e. B^^{B K'-f-f) ^ 1.2 x 10~^, as there is 
no appreciable interference between the two amplitudes of Eqs. (10) and (13). Considering 
the estimated SD branching ratio B^^{B Xg-yy) ^ {2 — 8) x 10"'' ||l9l, we note that the 
LD effects most likely dominate the exclusive decay rate. 

In conclusion, we have calculated the long distance contributions to the exclusive B — >■ 
K'j'y decay channel. It was indicated that a mechnism which explains the observed large 
branching ratio for rj' production in charmless hadronic B decays leads to a significant 
resonance effect in this decay mode. The combined intermediate pseudoscalar 77' and r]c 
contributions are likely to dominate the decay rate, and therfore, to probe the short distance 
physics, one should look for regions in various decay distributions where these long distance 
effects are minimal. 
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